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Synthesis of NPAH standards
Synthesis of standards that were not commercially available was accomplished through direct nitration of the parent PAH with nitric acid in acetic anhydride following conditions provided by Cho et al. radicals were generated by the thermal decomposition of N 2 O 5 7, 8 :
The generated NO 3 also reacts with NO 2 to form N 2 O 5 :
Under ambient conditions, NO 2 , NO 3 and N 2 O 5 are present at equilibrium concentrations and the NO 3 concentration can be calculated based on the rate constants of reactions (1) and (2). 12 Therefore, the decreased direct-acting mutagenicity of 6-NO 2 -BaP-d 11 , compared to 6-NO 2 -BaP, may be because of its higher reduction potential, inhibiting the nitroreduction process.
In the Salmonella assay with metabolic activation, no statistically significant deuterium isotope effect was observed for the parent BaP/BaP-d 12 and PYR/PYR-d 10 (ANOVA, P > 0.05) (Figures SI.9B and SI.10B). The S9-mediated metabolism of aromatic compounds were proposed to occur via 1) arene oxidation or 2) nonconcerted addition of an iron(IV) oxyl species. 13 Both pathways are followed by the so-called "NIH shift", involving a shift of hydrogen or deuterium to an adjacent position during hydroxylation reaction. 13 Because the substitution of deuterium for hydrogen did not result in different mutagenic activity for deuterated and non-deuterated pairs, it suggested that a step prior to the ring oxidation may be the rate-limiting step. However, a statistically significant deuterium isotope effect was observed for 6-NBaP/6-NBaPd 11 and 1-NO 2 -PYR/1-NO 2 -PYR-d 9 (ANOVA, P < 0.05) and substitution of deuterium for hydrogen lowered the mutagenicity ( Figures SI.9D and SI.10D). It should be noted that, while 6-NO 2 -BaP-d 11 was not mutagenic in the assays with S9, 1-NO 2 -PYR-d 9 was mutagenic but induced lower colony counts than the nondeuterated analog. In the presence of metabolic activation, more metabolic pathways, including nitroreduction, ring-oxidation followed by nitroreduction, and a ring-oxidation followed by nitroreduction and esterification, can be involved in metabolizing NPAHs in an S9-mediated assay.
14 If the ring oxidation was the only metabolic pathway responsible for converting 6-NO 2 -BaP/6-NO 2 -BaPd 11 , and 1-NO 2 -PYR/1-NO 2 -PYR-d 9 to a mutagenic form, the same result as the parent BaP/BaP-d 12 and PYR/PYR-d 10 would have been expected. And if the nitroreduction alone was the major metabolic pathway, the deuterium isotope effect would not be expected from 1-NO 2 -PYR/1-NO 2 -PYR-d 9 , because the deuterium isotope effect was not apparent in the absence of metabolic activation. However, in the case of 6-NBaP/6-NBaPd 11 , the deuterium isotope effect was observed in both assays (with and without metabolic activation). This suggested that several co-metabolic pathways, possibly selective for each NPAH, may be involved in the metabolism of nitro products when exogenous bioactivation is presence. Table SI .4: C-C-N-O dihedral angles of NPAHs computed using density functional theory (B3LYP) and the 6-31G(d) basis set. A. 
NPAHs Angle
1-NBaP 22.4 3-NBaP 24.7 6-NBaP 54.7 1-NBkF 19.7 3-NBkF 3.6 7-NBkF 51.4 8-NBkF 24.6 9-NBkF 0.0 4-NBghiP 26.2 5-NBghiP 25.1 7-NBghiP 53.2 5-NDaiP 55.5 6-NDalP 53.7
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